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Determination of Boron in Steels and in the Precipitates Using Sulfuric

Acid Containing Ammonium Sulfate and Phase Analysis of Boron in Steels

Hirofumi KURAYASU, Yasuo INOKUMA and Tsuyoshi NAKAYAMA

Synopsis:

It was found that the mixture of ammonium sulfate, cupric sulfate and sulfuric acid was suitable for the

decomposition of BN in steel.

Using this mixture, boron in steels and in the precipitates was analyzed and

the precipitation behavior of boron in steels was discussed.
1) BN isolated from steel was decomposed by fuming sulfuric acid in the above described mixture for 1

hour.

The maximum quantity of coexisting water should be 0.2 ml to prevent the loss of boron.

2) After steel matrix was dissolved by nitric acid, BN in the residue was decomposed by fuming sulfuric
acid in the above mixture with the addition of phosphoric acid for 25 minutes. .

3) BN was precipitated in non-equilibrium state at various temperatures of heat treatment of steel.

BN

precipitated at 500°C changed into the dual phases comprising borocarbide and AIN with increasing the
holding time or the holding temperature for heating of steel.
Key words : phase analysis; boron; BN; borocarbide ; decomposition method of BN; H,SO,- (NH,); SO,-

CuSO, mixture.
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B AR LEOBEIA— 257 F 14 PRFRICR
FrLZBARBIANF-2WAD &, BANKICE
BOMERZIMHTALLEZZOATWAYD, Lzdo
T, KRR CEAEEB 2 RODLILIIEETH
N, —#iZik Total B 2 HATHIEI B 2 & LG/t &
YEEB ELTWA,

MR B ik, @Y LFERSMECX)#E, SH
HLULBREEIFMIIOBLIEBERZIT) 2 &I
EROOHNG, RS OFREIERMBEA D D HHREDS
B -0, IR 130 ABRRSRRIC X 5 5HkE
B L7, $72, Total B EEROHEIMRIIOVTYH
N 62 20 ABRSHREEAL TS, FEELLE
EHLEY L -EEERa b0 BEED-OOR
BBt L CBOSREEREI L5, D AR
BRRICL A FETIILAEDEBICOWCRF R ERE
Bohs, REBRICHWMEM o —EIZ>vwT BN 2°

i

SEATHE LB EDDbDT.

ATk, BN OFLL GO0 MR HEKRE
AvwahkEma L, BEORI 2Mks+h BEE
BB LU Total BEBEEZMIL L. $72, Th
LNERE L HAMOKER B E&IC#EA L. il
WRIBHIELLTIR1I% TFIAFVT YEZT A
2054 F-10% TEXFVTEI-25 ) —VEEBR
WeTAEMEL, BNHIEE LTREEXY /-
EEREAL, M OBREIZX S BN, KI3 LW,
BEE B oL EENICHO A L0 TUTICHRSE
T5.

2. X BR B &
2-1 W%

(1)5BE-TRME 7 ~ =7 A-BRESAR AW (L THE
TR L WERD)  BREE, BREET ©E = LB X UHRER
Wt ENFh 60ml, 30g BXU 1g DEAESTEALM
BLR L7,

IBHN 61 4F 10 AALBEAKIZTRE B 62 4E 10 A 28 HZ1F (Received Oct. 28, 1987)
* FRESBIE¥EBR)FRRIEMZEF (Advanced Technology Research Laboratories, Sumitomo Metal Industries, Ltd., 1-3

Nishinagasuhondori Amagasaki 660)

*2 {E&5F 2 7 YH—F(#) (Sumikin Techno Research, Ltd.)
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(2)0 ABE-BRBRIR AW (LLT 0 ABER 7 REE & MRT)
AR, HEEBXOKEZNZFN 800m], 100ml X
> 100ml DFETRE L.

2.2 FBEMKEOHmHS

(1)EMRE 1% FFNIAF VT Vv ESILZOT
A F-10% 7EFNTE I -2F ) — VBERT EBE
&L, 20mA/em® CEBREM T2/, BREKEOR
BHBRESEIA YT 74 05— (FLEF 0.2um, 47
mm¢) *HWTHBL . »

(2)BEAT ) —NiE 1 10% BFE-x ¥ ) — VBl
VTR EIT o7z, ORISR TR Ik &
N> ThH 30min & Lz, SBEOREHRE X
A7 7408 — (JLFF 0.2pum, 47mmg) % H
WTAHBL. ’

2.3 EHEOSR

2-3-1 MR s o5 (% s+ B 2&)

(L)L L0 R 2710y —L 3k
W BEEBH 79 A3 ICAN, WHWERDHEE 12ml %10
ZTMBAGBT 5. TBEEELEREM L 1h & L.

(2)) ABRRIRBIZL AR RS2 74 L5 —&
FICBEFH7 7 ATICAN, THEE20ml & ) AR
SREE 15 ml N2 TMESTIH T . Hilk B LR EF
i 10 min & L7z,

2:3:2 WMAB DG (P Total B ERE

(1)REARTHRBIC L2508 AAKR* BEIGH 7
I 2 AN, DAE 10ml, 5 0.5ml B X OREE
(BEFICWEERTEK) Sml- 22 TV MBURET
AEEBET L. R~ MYy 7 RBMBEINEEEO W
DRARBEEY BESETHLOHB TS, THIZHKE
FROEEE 12m] % RN L FEEERER A EALE % 25 min 1T
5.

(2)0 ABRRTIRBRIC X %50 %ﬁﬂ%B% 2
77 A2 AN, EK 15ml @I L TG HFES 5.
nkwﬁﬁﬁﬁlmm%mxfmﬁ%ﬁwﬁﬁaﬁﬂﬂ
% 10min 179 .
2+4 mei(ﬁgﬁ#7w7:>w%%aﬁ)_

BAEEH 7 7 2 ¢ ARHEBICERKL, AHOZE
120.8% ABLF b ) v ABHE Sml £ ARB: T T A
AL =0 40ml EMNZ T 7 X THOERE &<
B 5. L TERBR~OEY E#zmmu&aifﬁ
BEHi)s. %W#%th6ﬁﬁmwﬁ%&77n

E—ﬁ—KKL,MﬁLT@é@#kﬁﬂﬁﬁ?%m&s
¥1) 1mbe

Higr7nr - —IcRBE (M KERk=1
PANEELEMT S, 0.15% 7 vy 3 v -FEBATR
Sml #H0Z 10min BT 5. &5, BEE (Tl 8

Table 1. Chemical compositions of steel samples
(wt%).
Sample | C Si  Mn P S Al N B

B1 0.20 0.30
B2 0.22 0.29
B3 0.20 0.30
B4 0.20 0.30

0.002 0.002  0.059 0.0049 0.0014
0.002 0.004 0.073 0.0051 0.0019
0.002 0.004 0.001 0.0046 0.0027
0.003 0.002 0.054 0.0047 0.0094
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Table 2. Heat treatments of samples.

Group Mark Heat treatment

30 minWQ

30 minWQ + 800°C 30 minWQ
30 minWQ + 800°C 1 hWQ

30 minWQ + 800°C 10 htWQ
30 minWQ + 900°C 30 minWQ
30 minWQ + 900°C 1 hWQ

30 minWQ + 900°C 10 hWQ
30 minWQ + 1 000°C 30 minWQ
30 minWQ + 1 000°C 1 hWQ
1
3
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o

30 minWQ + 1 000°C 10 hWQ
30 minWQ + 1 0 minWQ
0 minWQ +11 hWwQ

+
30 min — 900°
30 min— 950
30 min— 1 0!
30 min— 10

30 minWQ + 300°C
30 minWQ + 500°C
30 minWQ + 500°C
0°C
0°C
0°C

e L L e

-OD.—A

b e b ot
LW 0 a0 G G0 G0 G0 00 G0 Lo o Lo W

2288 |885835588833

sgsé aca
)

100°
100°
1h
1h
00°C 1
0°C 1

=]

-
>0
ao

0 hAC
30 minWQ + 50! 00 hAC
30 minWQ + 60 hAC
30 minWQ + 60 0 hAC
30 minWQ + 600°C 100 hAC
30 minWQ + 700°C 1 hAC
30 minWQ + 700°C 10 hAC
30 minWQ + 700°C 100 hAC
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WQ : Water quench AC : Air cooling

B=1:1)4ml 2FEMLT 20min HEBETAH. F70
Ve —OHNEWY 100ml A A7 FRATIHBL, 2%
J—NVTERITHED 10min RETA. ZOBEROK
FE %2R 550 nm THIZEL, 5P LDERLTH S
BRERIZL) BR2EETS.

B, HEHORK B EDN 20pg, WAENEFOK
K BENM4pug/100ml & %5 X ) ICABRRNEB LUV
WA EREOFR (FHFWE : 25/ — V) 2EATD
7-.

2.5 @#EH
w720 LMWK % Table 1 12, BULESEHE %
Table 2 (LAF, 7z 2 ¥ AE BLIC A &) B %
WL 7233E124 BlIA &R T) WWRT. AR TRTE
Ze5HE L, 20 mmg (SR L 2B £ 570 7. & B,
Bl, B2 22w Tid AIN & BN, B3 iZ2wTik BN,
B4 iZ2oWTid 4 — R 57+ 4 MRBTKRIZ ) (LW
$5L9I2 A1, N, BoORmE* D 7.

3. PIvERHORE

3.1 hHZE SR B OEE
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Table 3. Analytical results of B and N in the res-

idue of B4N extracted by bromine-methanol
method. (ppm)
B . N
Hp 504 HzSO4
Decomposition H3PO4 + +
of + (NH4)2S04 K2S0,4
residue H,S04 + +
CuS04 CuSO0y4
Analytical 20 37 47
results

Table 3 (23 BAN O RFE x ¥ /7 — Vvilii&R 2 D B
BLXUONZEEMBERT. NEBEIKRS 2GR, HEEY
)Y LB XUTREER L & U o RERTOM L 21k, KER
EBeRYyvo rBEEEECKDIT2Z. NEE
{Eiix Total N IZ& L\ 47ppm THo /. TORBOE
FRTRTBN L2 TWAHEEEZORL D, BFE
A& )= VilHE s B E&Ei3 36 ppm TR T
Ehbkv, LaL, DABRRSMERICKS B €&l
12 14~30ppm 2 EH2 &, FHT 20ppm (n=5) &Kk
xR T7:0, BN OGBIEATHTHL LEESNT:.
#2C, NEEDOBRICHW/-HEE, WY VLABX
OBt S UM TR S £ AWk B 2 BT
BT EhERALA, BEBRIIAY /- VERNT S
L TRREEA U 7 AORBE AR LERRMESLICCL
hEVIRESBO NIz, RERICERIEL 2wV
BV LAY ICHEET VE= DA EEA
RRERIRE LAV CRSHMETV B A ERELE
W3 36~37 ppm DfE, 1 37 ppm (n=5) 2%, BN
7z. SO EDSLHERDRELI L L BN 25E2I1C
HRTEDLZ E b,

%8, DABRDEET BN X4BA+SERED
X Table 2 D7 V— 7 b LB T ABMBORETHo
7=.

3-1-2  FiHR AL B R I

BN % 3 % 7- 012 0 ABRRERC bR R S
BECOLMBAELENLETH D25, D ARRTHERO
BERARBOARET7 I AR ENL - HRBEOAME
WBRETHSD. —F, BERRDBRO%GE L RERH
DHBEEELE L TETH D, RAK BAN ODRFE 2 ¥
J — VIR S & BV 2o RE C I iR AL B P At
0min 25 2h OET—FED B EEEISBELN. L
A0 T, WEEEMELERMI 1h & FHZ L e L.

3-1-3 FESEELIERR O KOBE (BREBIERE)

PNy LABLUVNIZ T LAEED BEED
JIS &Y Tit, RROBERSWREE L SHBRBER 5

B 20pg (1/5 dil.)
/

Absor bance

1/5 dil. : The sample solution was diluted with methanol prior to
measurement of absorbance

Fig. 1. Effect of H,O on the loss of B in white
sulfuric fume treatment.
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g20.4 B 3ug (H,0 3ml)
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§0.2 BOug(H,0 3ml)

< [NV N V. SO VLY VIS — {
0+ T T ——
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Fig. 2. Effect of white sulfuric fume treatment
time on the loss of B.

FAE TR B L U7 v T A 2 S LB L HA
LCWwh, COFETREBOKRSEFE TS L B ofh
INEAIEL B EVWIHRT, KO*HFEEZ 5ml &H
FLTwA, Fig. 1 CAEOHERTHEBEICBITBKD
FELTRYT. Fig 1 6 KOEKFEEHN0.2ml 2B 5
B OWKELFEEICRIL, FOEEIR B EFSN
BEREVWI ENbRL., LEF>OTRERE, KOo&E
A02ml LT EABKDC BE#ER <A 27av )
DT BEEHT I AIITHML %A L REROERE
Yo THERT AL E L. 2B, BB OSEO
BACRKIRELAZVOTIOEEIS I 2.
FARY I, HBREHETOMBREELEIZLD
B AT A EFRESR TS, T2, KERD
FETZEIO BOERBENE 2 I L MO TY
59, L2 THERSHERI BT L KOZEDER
i, BEEREELEERICKEROFEEICIVEREEOE
otz BYWHERTALDEELONRD. Fig 2 KHE
FMBRICK % 3ml HAF S ¢ CHRBEERE 7o 7
BEOREMEBROBELRY. HELEZTbAW
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B, RRICERFETHKOEET B OEBHEHNKET
T 5729 B OREE . EELERER 5min T,
FHRDOKDHEEL T B OEBHNEN LM S0 B O
HELEL 25, BELERERH 10min Tk, B EHD
HEFHNT B ORAE KL 2 5. HELERER 10
min 2L BT B OREEICEILA 2 2B D1k, FAIC
BEAEKDPFEELRLS 2BDTBAE®RLEL 25
TeHrEFEEND.

3:1-4 SHHE

Table 4 (Z3# BIN &£ BANDREX Y / — VRS B
SUOBMES 1% FFIAFATYEYLIOTA
F-10%7FNVTEbr>y -2 ) —VEFER) O
BEEHRELRT. BFLBEETOT SN &b,
BRZESOBEICL LBESEVOIRRIE ) Lot
BENETLLEDEEZONS,

3-2 $8h Total B ER

3:2-1 5fRER

Table 5 12 ABERGHEREIC X % Total B E2fl &,
SHBOBEESE (LEO.2pm, A TF 740
¥—) LIRS OMERTHERICLS B EBELRT.
#A ¥ BIN @ Total B g &1t Table 4 D & B
EERMEX VKL, »o, & BIN, BAN Wi 0EEZR
DRI BAFRE SR LB 2T, DABRGE
BICLXHOMODRIIBVTH BN BOBEARATFTH 5D
tEZ NI

FIT, MERDBREICEDHEEREL 2:3-2 (1)
WRTORELRBAT A & L L7, Table5 LR
SIRERIZ K B Total B EBEDFRIR LA, Z0fE

Table 4. Analytical results of B in the residues
by bromine-methanol and electrolytic methods
(ppm).

Residue by bromine-

Residue by
methanol method

electrolytic method

BIN B4N BIN B4N
14.1 36,7 14.3 52.6
13.9 37.0 13.9 49.5
13.9 36.3 14.4 49.7
14.3 37.4 14.8 55.8
Table 5. Analytical results of total B in steel de-

composed by phosphoric acid and ammonium sulfate
methods (ppm).

Phosphoric Ammonium
Sample acid sulfate
method . B in residue method
BIN 1 3 | u
B4N 86 7 95

i, DABRDHERICL D Total B @B L KR HED
e BERBEOMICIZIFE L, MERDHBEEICX
B RECHE 2 1 BN % &I T & BiF7% Total B
ERE*BLILMNTES.

3:2-2  TiEREE LR

BN 2 04 % - 0 ICHREBR BB 247 5 A%, 3-1-2
THRBRRAX ) ABRRTHBROBEIAET I A2
PRENDCORKEHOQELHEIIRETH L. —74,
SDOBA R HERI K 55T HEMERIZIE ) AR
PRETH-OFE 7 IR 23BENS. QERLEEED
BET7FAIDFEL, BMERTHEEICES 25 min O
HEMEOBE L ) ABRRGREEEIZL D 10 min O H{#E
B OGATIHITIZFREE (50mg) THhok. Lot
2T, MERDREERIC X 5 AEMEEER I 25min & ¥
Bl L. %8, 326 TOHRNBLYIZ, B1&%
HAE O B ERBER BN (BN HTHOFE) &hHh
OOLFTIREFRILEERLTWLOT, Z0EELEER
T BN REEZGHBLTWAELEZLNS, T/, B
SELIRIF O IR 134 350°C TH Doz,

3:2:3 DAREIZX A B OEEEBIE

MY v 7 ARMERDHREIZTTRBERL VWO
T, MOBEFEELRML CERTAUE DS, T0H
B, KBHFEETHI LW RDDT, R~ b)) vy 27 B
BERERDTBBEZRML CREEELE 1T &
3:1:3 T~ 7: B OHEREAREE 25, 494, 5%
BRI 3 A HEEE BRSO B HEEE D ABRE R
MBI EKOBFIETELLHE LTS, 22T,
MEZRDTHRERIZBT D D ABBMOIR %R/, Fig.
SIART LI, DABROTRMENLHEMT 513L B O
HHEGIBFIE S . DABR 10 ml 2T % & kA3t
FTHHEL LEVHEELTBOBRKEIELL 22

0.8 4J’

f
mml)

— T l

B2ug (H,02ml)

°
o
N |

Absorbance
o
IS
P |

0.21 blank
4 d J“i
0 — r y
0 2 4 6 8 10
HaPO, (mt)

Decomposition acid containing ammonium sulfate : 12 ml
White sulfuric fume treatment : 10 min

Fig. 3. Effect of H;PO, on the loss of B.
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20T, DABOTME R 10ml &35 8E L7
Lo, LB~ My 2 2BERROKOI
Fiokn BEBROWRHRELM L7120, b ABROKE
TCHEBBLRMLTITY . BnT, KEFoKERE
ThLDIIVWOLARBO OBl REEYT S T TMET
L. BGE®, WERSEEEY RN L TR AL 21T
W BN # Il Tsr e e L7

3:2:4 FHE< M) v s AERBEOEE

Table 6 IZ3FE~ M) » 7 AEREED Total B E&1{E
RIS HELRY. EBICKDBRIE L CEELR
L7z, &7, ShnEhiEm (HISIRE) < b RMEmn H532
Hont, TOBRMEOERE, EBTIEENELIH
TP enI ersb, BB~ MY v 7 REREICRE
THKEICED BOKEMWE 2> THEBRLTWD D
DEFEZLND., Ld2T, BB~ M) v 7 AEREE
IR (REFBRB LIS LR LR A20BARE
K) FHCT, FOMBAIKE (FCMh 2RE) THEHF
THIbEL b, BHRMEBITEISHLZTIIEDS
mEFHIEE L

3:2:5 KREH

BERIZ 31 OMBES 0REA L AkIC B EERY
<4 zud) I TCBEAE IR CEmML %, R

Table 6. Effect of the dissolution acid on deter-
mination of total B.
Acid Heating Total B (ppm)
HCI1 Weak 16
20 ml Strong 15
HNO;3 Weak 27
20 ml Strong 23
Aqua regia Weak 24
20 mi Strong 21
Sample : B3A
0.8

.:
(o]
1

BO-4ug

Absorbance
©
&

0.2+ B 0-20ug
(175 dit1.)
o 1 L) T T
0 1 2 3 4

B (ug/100m!)

Fig. 4. Calibration curve.

Table 7. Analytical results of total B in BIN and
B3N (ppm). :

BIN : B3N

14.7 . 26.4

14.0 25.5

14.6 26.3

14.2 26.1

BERBROBIEL T TER T A2 L & L/ Fig. 41
BERO—Fl 2T, RIFL2EREIRO LN, & B,
Fig. 4 IR L-SFAB OB AEORER D 3-1 OfMHE
SOBEOKRER L B EERDOBGATTIER L 22K
BERIC—HT S L hn, RELRIHEEETORAEL

100% LHfEESNA.

3-2:6 STHATHERE

Table 7 123K BIN 3 X U8 B3N @ Total B 0 &
BEETRY. BFGBECHHSL. £/, Bl ZR
oW TN A~P 2F—AB &A% T L, Total
BEEMKEWE z=14.1ppm T 0=0.22ppm (n=16)
Tho7:.

4. &R0 884 BN, RiZS51® (AIN)
DI HEEE)

4-1 KEH BEE

A EME R L 7o LML o B 3A AT IR 3 5 B AT
Wik, EDSDTIO RS B rUrEF 5P o
BESEIZTAHE, BN L RIS Y [My3(BC)s,
Ms(BC)] T& 5. Fe:B "L TWAHWEEM G & 5
B, RSN TRV T, SE 5 ko
B Lehol.

BFEXAy 7 —NEICEE, Bl ST Fe 33 e
AL ENEhoDTRIESIEHRFTHS N, 3-1
T~ L) BN il g shs, 72, 1% 7
FIAFANTUEZYLAZUTA F-10%TEFVT X
Fr-x ¥ = NEBREE T HERERY T T
THHEELTHAZIRATYASY, LiadoT, 20
FHiEw R IS@EAE T nE BN &R IE D b asiiib o
Bahaotithn Doz txy, TRROKEZ
BaEHXr#BRATESbDLELLNS. ‘

E# B = Total B — EffiiHFZ S+ B

B as %3 )1t = EfMHIZ S+ B

—RExy - ViR EF B

BasBN=Rx% /- L7 sd B
4.2 yYHICHTBRE

Fig. 5 C3E B1A~L 0IKRER B EBEFE 2 RT.
B as Rt EHHTREN L 4D Bas BN LEE B
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Total B 14 ppm

14
] B as BN
~10 4
E
[« %
a
Q5 0
] A
08 e\"
o
800 900 1000 1100 1200 1300
Temperature(°c)
Fig. 5. Phase analysis of B in sample Bl
(B1A~L.).
497 Total N 49ppm
40+
2_30
&

104 < § Nas AIN
;) I—] @NGSBN

cal.Jfound cal. {found ccll.ifound
900°C 1000°C 1100°C

—

Fig. 6. Precipitation of BN and AIN in sample
Bl (B1F, L, L).

ZEisEsEs i, b, Fig 5 KEEE B #RLT
Wi Total B & Bas BN DEXEBE B TH 5. &
FRREE 800°C 1 B\ TIX EBROARFFRF N C I i
ELTBLTRERBOMMIILS BN 20K
& 5 =As, {RARENE 900, 1000, 1100°C 2BV Tk
RFEEEAHEML TS BNEOELRIFEAE L2
7z,

Al ST A L2 L LCid BN & AIN 25¥th+
%. Fe-Al-N %, Fe-B-N R THIIIK®D & h -G
JEFEN Fe-AlI-B-N R CH@EHTEL b0 L LT, T4
518 347070 & ERROFHEHH £ T2 7. Fig. 6 (2
Bl ZEE 0 REFIEE 900, 1000, 1100°C 2B %
BN & AIN oF#ETHERBEER L B R L DILE
¥RT. oB, FEEECE (1), (2)ROBHEER
ER L. \

log [B]-[N]=—13970/ T + 5.24'®

log [All{[N]=—6180/ T + 0.725'" «-eeeeeeess (2)

372, EBREICBIISL NasBNRREEXSY /—
W s P BEREfE (Bas BN) 58 L7 N
as AIN ERFE X ¥ /7 — V5% & % NaOH ¥ THLIE
L NaOH B#H D Al # BEFREFTHTECEIDERL
TR Alas AIN 2HEE L7z, &8, FHHREHC

I N ] BasBN

£
a
a
m 5+
1900 950 1000 1050
Temperature(°c)

Fig. 7. Phase analysis of B in sample Bl
(BIM~P).

i BIF, I, L #fw7.

REFRE 900°C TR EHETEER L €ER/E T
—F L7245, 1000, 1100°C i2H5WTix BN AT HE R
FHEHEHEMBEE DS C AINHTHEIFHEIHEEL D%
Porz. Zhud, WHEs® LT B LI, B
B RIEBOAESTH—2AF7 74 VRIFIZRIT LR T <
BN AFEEHBIATIE L Twhzd s E 2 Hhb, AN
DI HI 2T BN (1R > THET b D
EIRET AL, TR ON BNWTHREZTREICT
% Total B #13 1000°C T 14 ppm, 1100°C T 35 ppm
Eeh, COEZHAEO Total BE*8B2TwWah. L
20T, BICHERIC BN BEENTET 50T
%<, RITICED BisEORMKL AR T BN 2ME%
HFHLTWAb DL ESRS, &8, BN HH LA
#(2)RIHED T AIN FHHTH LD L LTHBLA
AIN #iii & (N as AIN & 1000°C T 24 ppm, 1100°C
T 1lppm) &, EEAFR (N as AIN i 1000°C T 20
ppm, 1100°C T 1llppm) 2R DiEVH DL D7,

Fig. 7 (238 BIM~P OKEED B €BHE 2R T.
RENRIFIAWIERE SN BN O LT 2ED
i/, ZOBAEO BN TR, 1300°C 30min WQ
BRIRFFREE I L2354 (Fig.5) L0 b5, Th
&, 1300°C 30 min MNEAEAKE % L CREFREICRIFT
e, FEY*BEHLZVOTH—ZXF 51 MLRAD
B DR < % 0 EFE % BN ORI )R
TuhHiEZLRS. '

Fig. 8 1230 B4A~L, Fig 9 234 BAM~P DIk
Rl B EEMRrRd. RERRE 900~1100°C T B
as BN Bi2i31z—E &%, TOfL) NasBN E%
B+ AHL Total NEIC—FHL, NZT~XTBN &L
THHLTWAZ b b, 3/, CORBIIBE
BHEIBCOTRIZI LW ONT AR Hh, BFRE
800 — 1000°C T B as jKi3 )L ER S iz,
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94} Total B 94ppm

B as borocarbide

Aso-
£
a Bas BN
2
mAO-
0
204 A\ 3
o° e\\‘
A
AN\

0
ano 900 1000 1100 1200 1300
Temperature(°®c)

Fig. 8. Phase analysis of B in sample B4
(B4A~L).

B as borocarbide

g
a BasBN
m

“Iv
20;&

900 950 1000 1050
Temperature(°c)

o

Fig. 9. Phase analysis of B in sample B4

(B4M~P).
19
0
solute B AlasAlN\ -
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Fig. 10. Phase analysis of B in sample B2 (B2Q,
R, U, X) ; total B 19 ppm, total N 730 ppm.
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Fig. 11. Phase analysis of B in sample B2

(B2R, S, T).
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2360 % & M 5744 (1988) H128
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